In this study we theoretically simulate default risk scenarios under various economic noises. We find that firms default more quickly with stronger economic shocks but simultaneously expose higher default probabilities during their deterioration, offering traders better visibility. When the macroeconomic environment exhibits positive autocorrelation, the volatility of assets' value increases with corporate creditworthiness, and vice versa. While positive autocorrelation forces liquidation more swiftly even for firms with higher risk tolerance, counter-cyclical economic movements reduce default risk for firms with greater sustainability. When a series of economic noises exhibits higher autocorrelation, although average default probabilities decline, firms tend to default more rapidly, making it tougher for traders to predict corporate failure.
Introduction
It is debated by researchers whether a positively autocorrelated time-series of macroeconomic shocks damages corporate default risk more or less than a random sequence of economic noises. On the one hand, positive autocorrelation increases the probability of a series of contracting market conditions, implying increasing default risk. On the other hand, for any limited time period, the likelihood of at least one extreme harmful event is reduced compared with a chain of completely random noises, suggesting decreasing default risk. One should expect that positive autocorrelation increases default risk, since a firm may survive a single bad economic event but not a series of subsequent downturn conditions. However, positive time-series autocorrelation prevents a single major economic catastrophe and therefore decreases default odds. Furthermore, it is not entirely obvious how a negatively autocorrelated string of macroeconomic noises affects the creditworthiness of a firm, whether it contributes to or rather injures corporate survivability. A negative autocorrelation tends to compensate a destructive economic shock with a later constructive noise, thus reducing default risk. In contrast, it also minimizes the chances for successive favorable conditions and thus enhances default likelihoods. Moreover, it is still ambiguous whether a short memory autocorrelated time-series of economic noises hurts default likelihoods more or less than a longer memory process. These are the underlying riddles guiding our current study.
The financial literature has devoted considerable effort to exploring various issues concerning noise trading. Black (1986) describes noise as a phenomenon contrasted with information, but further explains that investors sometimes trade on noise, rather than fundamentals, as if it were information. Trueman (1988) provides a theory explaining why investors would rationally choose to engage in noise trading. De Long, Shleifer, Summers, and Waldman (1989 , 1990 investigate how stock prices respond to irrational noise trading, what the risks, expected gains and losses are from noise trading, and how noise traders can optimize their portfolio allocation and thus dominate the market. Palomino (1996) demonstrates how in imperfectly competitive markets with risk-averse investors, noise traders can expect higher incomes than rational investors. Bhushan, Brown, and Mello (1997) examine different noise-trading models and their consequential assets' prices. Dow and Gorton (1997) present a model for noise trading with delegated portfolio management, where managers cannot always identify profitable trading opportunities. Kelly (1997) discusses whether noise traders influence stock prices. Brown (1999) shows that unusual levels of sentiment among noise traders are correlated with excessive volatility of closed-end investment funds. Greene and Smart (1999) investigate whether noise traders provide further liquidity to the capital markets. Gemmill and Thomas (2002) show that noise-trader sentiment often leads to fluctuations in the discounted prices of We are motivated to investigate this topic to assist noise traders, momentum players, and contrarians to recognize the long-term impact of various macroeconomic shocks on default likelihoods. This link conveys further implications on yield spreads of outstanding debt issuances, as well as on expected equity returns. In essence, we explore how corporate creditworthiness fluctuates over time through different types of simulated macroeconomic shocks and whether a single random shock damages a firm's survivability more or less than a series of reduced noises. Furthermore, the Monte Carlo simulations hereafter allow us to conduct different intra-colour as well as cross-colour comparisons.
Our main findings confirm that in the presence of strong macroeconomic shocks, as opposed to a more stable economy, firms tend to default more quickly, but at the same time these firms also reveal higher default probabilities on the way to liquidation. Paradoxically, traders enjoy better predictive capabilities under these extreme conditions. In addition, we find that when a macroeconomic environment exhibits positive (negative) time-series autocorrelation, the expected variance of assets' value increases (decreases) with corporate creditworthiness. We further realize that while positive autocorrelation intensifies already existing trends and therefore forces liquidation more quickly even for firms with greater risk tolerance, counter-cyclical economic movements tend to reduce default risk for firms with higher sustainability. We also detect that when a series of economic noises exhibits a higher autocorrelation although average default probabilities decline, firms tend to default more quickly, thus making it more difficult for traders to predict corporate failure. Moreover, a longer memory series with reduced autocorrelation increases default likelihoods but simultaneously allows firms to survive over a longer period of time, as opposed to a shorter memory series having higher autocorrelation.
In the following sections we first present a brief theoretical background on the Merton (1974) model for assessing corporate default risk. We then describe five time-series colours of noise -the white, the red, the pink, the blue, and the black noises -along with their potential impact on default risk. Next, we construct five different computer simulations to measure the long-term influence of each colour of noise on corporate survival. Finally, we discuss the findings and their economic significance.
The Merton Model
Merton (1974) presents a model in which a firm's equity can be considered as a European call option on the firm's assets. The model can be simplified by assuming that the firm has one zero-coupon bond outstanding, which matures at time T. Because the model considers only one debt time to maturity, academicians and practitioners often employ the Macaulay duration to combine various debt components into a single maturity. The Merton model defines the following variables: V 0 as the market value of the firm's assets today, V T as the stochastic market value of the firm's assets at time T, E 0 as the value of the firm's equity today, E T as the value of the firm's equity at time T, D as the deterministic total amount of debt due to be repaid at time T,  V as the volatility of assets' return,  E as the volatility of the firm's equity, and r f as the risk-free interest rate.
If V T < D, the firm cannot service its debt and defaults at time T, and then the value of the equity becomes zero. However, if V T > D, the firm pays back its outstanding debt at time T, and its equity value becomes V T -D. Thus, the value of the firm's equity at time T can be written as
The firm's equity is therefore a European call option on the market value of assets, with the total amount of debt due to be repaid at time T as the exercise price. The Black-Scholes (1973) model solves the value of the firm's equity today as follows:
The Black-Scholes options model considers Φ(d 2 ) as the probability for an option to be exercised, where Φ(.) is the cumulative distribution function (CDF) of the Normal distribution. In the Merton (1974) 
is the risk-neutral probability that the firm does not default, so 1 -
is the likelihood that the firm defaults on the debt. An increase in  V causes a decrease in d 2 . As (-d 2 ) increases, the risk-neutral probability for the firm to default on the debt Φ(-d 2 ) increases as well. We later examine these relations with respect to the volatility of assets' return as derived by different time-series colours of noise.
In the standard Merton model V t and  V are not directly observable but can be postulated. Jones, Mason, and Rosenfeld (1984) find the probability for a public company to default on the debt Φ(-d 2 ) by solving two equations with two unknowns. The first equation is the interpretation of the Black-Scholes formula for the value of a firm's equity as in equation (2), and the second necessary equation compares the diffusion coefficients from the equity value dynamic and the one from the Itô's lemma for equity movements:
Hull, Nelken, and White (2004) present a different approach to estimate the volatility of assets' return  V by using the implied volatility from existing options on the firm's traded stocks. In practice, however, Moody's avoids solving these simultaneous equations, since the model linking equity and asset volatility holds only instantaneously. Crosbie and Bohn (2003) , and Bharath and Shumway (2004) discuss an alternative and preferable method to calculate V t and  V through sequential iterations.
Numerous studies including Ronn and Verma (1986), Kealhofer (2003) , and Vassalou and Xing (2004) have adopted the Merton model to assess corporate default risk. We therefore utilize here the Merton model to measure default risk.
The Colours of Noise
A stochastic process such as the one describing the market value of corporate assets can be affected by different "colours" of noise, analogous to the colours of a light spectrum. For instance, white noise, like the white light, consists of an even mixture of variation over all frequencies with no memory of past events. This is an entirely stationary dynamic. One can simulate a white noise by adding a normally distributed random variable to the mean value of the parameter in question for each time step, hence to command a zero autocorrelation within the time-series dimension. In the traditional Merton model only changes in market value of assets are subject to stochastic influence; therefore, we examine the behavior of the following AR(1) time-series vibrations: where  denotes a constant parameter scaling the variance of time series,  is a random effect drawn from the standard Normal distribution, and  is a constant autocorrelation parameter, but in this case it takes no role in the process.
Similar to the red light, a red noise portrays a mixture with a higher proportion of low-frequency thus long-term ingredients. A red noise often describes a dependency on the most recent events. Because of its relations to the Brownian motion, the red noise is also called a brown noise. To simulate a red noise one can compute the parameter in question at every time interval as a combination of the lagged corresponding value and a random variable with www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 4, No. 5; May 2012 ISSN 1916 -971X E-ISSN 1916 6 zero mean. To assure that the most recent history continues to dominate this time-series of noises, one must select a positive though smaller-than-one constant autocorrelation parameter. In this context, a rising  denotes a stronger dependency on the most recent events, for example right after a clear bubble burst. This setting triggers the following momentum effect on fluctuations in the market value of assets:
Between these two extremes, the white and the red noises, lies a whole family of pink noises, which depict more or less reddened frequency spectra. The pink noise generally represents common influences of both historical events and stationary tendencies. It is therefore considered to be a quasi-stationary process, as its variance grows slowly, at a pace proportional to time. One can simulate this class of noises through a wavering autocorrelation parameter within the time-series regression, which can preferably allocate higher weight to the white or the red noises, as follows: 
is no longer fixed, but it varies with time within its quasi-stationary domain. For that purpose we appoint the absolute value of the trigonometric function sine with respect to the ratio between  and one plus the remainder (using the modulo function) of a fraction of the time. Consequently, the autocorrelation cycles repeat themselves once every 36 months. This way, we generate repeated downward sloping convex waves for the autocorrelation function with a greater emphasis on the spectrum of colours from white to light red.
A blue noise often expresses a process with similar properties to that of the red noise, yet with a negative rather than a positive constant autocorrelation parameter. In reality, negatively autocorrelated noise has great importance, when describing for example the mean reversion phenomenon, the investment strategy of contrarians, or common cyclical economic movements. In the Merton model context we conduct the following experiment:
A black noise portrays a more persistent dynamic with heavy dependency upon its distant past. Because of that, Bak and Chen (1991) explain that a black noise process could govern various economic catastrophes, and due to its black spectra, if such a major disaster occurs, it could stretch and cluster over a long period of time. We thus utilize the next time-series regression with reliance on three prior changes and thus four preceding assets' values:
We would like to further examine how assets' volatility varies across the different noise processes. Chatfield (2004, Chapter 3) shows that the theoretical variance of a stationary time-series of infinite length is:
In addition, Heino, Ripa, and Kaitala (2000) develop the expected variance of an autocorrelated sample of length T, assuming that T is large enough that initial provisions convey no impact as: For a stochastic process with a white noise, the expected sample variance does not depend on the sample length, and
. If the dynamic exhibits positively (negatively) constant autocorrelated noise, as in the red (blue) spectra analysis, its variance is lower (higher) the shorter the sample. Unfortunately there are no analytical derivations for the variance of the pink or the black noises. In the latter simulations we contrast the theoretical and the expected variances of assets' value during default processes across and within the three relevant noise colours: the white, the red, and the blue.
Monte Carlo Simulations
For purpose of robustness and to examine intra-colour and cross-colour behavior, we construct five independent simulations, one for each colour of noise: the white, the red, the pink, the blue, and the black. Every simulator executes 27 different experiments, each one over 60,000 monthly simulated observations. All the simulations derive the risk-neutral default probabilities from the traditional Merton (1974) We let each of the five simulations run over 60,000 monthly iterations or 5,000 collective years of simulated data. In every iteration we compute
, where the changes V  can be positive, negative, or zero. We set three default thresholds based on the maximum default probability Max{Φ(-d 2 )} ≤ {0.90, 0.95, or 0.99} to represent different levels of corporate risk tolerance. 4 Given the other model parameters, these three default thresholds cover a fairly wide range of ratios between the stochastic market value of assets and the fixed face value of debt. Furthermore, to prevent any single firm from becoming disproportionally large through a continuous enhancement of assets' value, and by that to consume too many iterations of the simulation, we limit the growth of all firms to three times the initial market value of assets, thus the growth limit = {$300, $450, or $600}, which varies between three to six times the face value of the debt. These proportions denote very secure firms, with exceptionally low chances to default. To authenticate our findings, in the robustness checks we use other growth limits as well.
Whenever either a default occurs, hence if Φ(-d 2 ) exceeds the selected default threshold, or when assets' value touches its upper growth limit, the simulation continues with a new firm having the same initial arbitrary values as with its predecessor. Because of the misbalance between the distances assets' value is allowed to shift, either towards the upper limit (200% up) or to the lower boundary (near 100% down), we expect a relatively high percentage of defaults out of the simulated scenarios. We confirm this presumption when we cap the growth of assets' value at a lower level; thus we place similar constraints on assets' value to rise or decline not more than 100%, and we obtain a more balanced proportion of defaults. Due to the repetitive nature of the robustness tests we do not report them here, but we further utilize different quantities for the remaining time until maturity T, the risk free rate r f , as well as for the face value of debt D. All of the results remain consistent with the ones drawn from our main settings.
Results and Conclusions
In this section we report the key findings of the intra-colour and the cross-colour analyses. We further discuss some important economic conclusions, but we first start with the intra-colour investigations. Within each colour of noise we hold everything else constant, except for the growth limit, which is set to be proportional to 0 V , and alternate three variables: the variance scaling parameter  , the initial market value of assets 0 V , and the default threshold Max{Φ (-d 2 ) }. Each time, we record how three things vary: the average number of years to default (after mapping monthly observations to annual records), the mean default probability, and the two measures of volatility Throughout all of the tests we find consistent relations between the time-series variance scaling variable  and the credit simulated parameters. When  rises the average number of years to default declines, the mean default probability increases, and both volatility measures intensify. These findings suggest that in a more volatile environment firms tend to default more quickly. At the same time, as opposed to a more stable economy, with the presence of strong macroeconomic shocks, which might be either constructive or destructive, firms portray a higher default risk along the way to liquidation. Therefore we can conclude that although default risk rises with the intensity of economic noises, so does the predictive power of traders aiming to forecast defaults.
We also detect coherent results with respect to changes in the original market value of assets. In all of the experiments, when 0 V grows, the average number of years to default increases, and the mean default probability decreases as expected. However, the volatility measures exhibit interesting patterns. While the theoretical time-series variance of infinite length 2  remains fixed throughout the white, the red, and the blue noise simulations, the expected variance of length T remains constant in the white noise test, rises at the red noise simulation, but declines within the blue noise recreation.
The reason for that lies within the structure of the formula of   2 s E given in (10) and in particular the ratio of elements depending on T. This ratio is smaller than one at the red noise test but bigger than one in the blue noise simulation. Both ratios converge to one when T climbs, and therefore the expected variance of a time-series sample with an average length T increases with red and decreases with blue spectra noises. We therefore conclude that when a macroeconomic environment exhibits positive (negative) time-series autocorrelation, the expected variance of assets' value increases (decreases) with the creditworthiness of a firm, which is captured here by the distance between the floating market value of assets and the fixed face value of the debt.
When the default threshold Max{Φ(-d 2 )} rises from 90% to 95% and then to 99%, we generally observe a rise in the average number of years to default as expected, yet this effect is less pronounced within the red and the black noise simulations. These two colours of noise tend to intensify already existing trends and therefore force liquidation more quickly even for firms with greater risk tolerance. Furthermore, we detect a tendency of increased mean default probability, but merely minor fluctuations at the blue noise test. Therefore, counter-cyclical economic movements tend to ease default risk for firms with higher sustainability. Although we find no changes in 2  when the default threshold varies, we identify a steady   2 s E within the white noise test, no clear trend with negligible vibrations at the red noise experiment, but a continuous decline at the blue noise simulation. This decay is associated with the levitation in T.
We further conduct cross-colour analyses. We match the variance scaling parameter  , the origin market value of assets 0 V , and the default threshold Max{Φ(-d 2 )} and compare the average number of years to default, the mean default probability, and the volatility measures across the different simulations. In essence, we examine the impact of changes in the autocorrelation variable  on these credit simulated parameters.
Once we sort the simulations according to their autocorrelation levels we find three consistent relations as follows.
When  rises across the noise colours, the average number of years to default as well as the mean default probability simultaneously decrease. This striking evidence suggests that although the chances to default decline, firms tend to default more quickly when a series of economic noises exhibits a higher autocorrelation. This means that when the economy is more reddened, i.e. with a stronger positive autocorrelation within the sequential economic shocks, it would be more difficult for traders to predict corporate failure because of the growing impact of a potential extended catastrophe.
To evaluate whether a single random shock damages a firm's survivability more or less than a series of reduced noises, we compare the red and the black noise simulations. We find that both the average number of years to default and the mean default probability are higher within almost all of the black noise tests. We therefore conclude that a longer memory series with weaker autocorrelation increases default likelihoods but simultaneously allows firms to survive over a longer period of time, as opposed to a shorter memory series having higher autocorrelation.
In addition, when we evaluate the volatility measures at the blue, the white, and the red noise simulations, we observe that when the autocorrelation variable  rises, both the theoretical variance Benjamin Graham (1894 -1976 is considered one of the first advocates of "value investing" and an early mentor of Warren Buffett.
Note 2. Although in practice the remaining time until maturity of the outstanding debt T is gradually decreasing, we wish to isolate the effects of economic noises on default risk, and therefore we fix this parameter along the simulations, while assuming that firms issue more debt over time and through that maintain a constant weighted average time to maturity on their denominated bond issuances.
Note 3. Alternatively we could have generated daily fluctuations, then scaled it to annual volatility, and further calibrated  to be a smaller variance scaling value. But since it often takes many years for firms to default, this would have obligated us to considerably increase the number of iterations and to face computation difficulties. In addition, we aim the five different colours of noise to represent significant macroeconomic shocks that can alter a firm's market value of assets from various industries and diverse geographic markets, yet these economic shocks rarely happen every day. It is therefore more intuitive and more applicable to consider aggregate monthly noises.
Note 4. Occasionally firms default prior to the moment they are forced to do so by creditors. For example, mall owner General Growth Properties filed for chapter eleven on April 16, 2009, while its assets' value was estimated as $29.5 billion and its outstanding debt was merely $27.3 billion. 
